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DISCUSSION ON THE MANAGEMENT OF ENDOCRINE EXOPHTHALMOS Dr. Russell Brain: The following observations are based on over 150 cases. £tiology There is no evidence that thyroxin can cause exophthalmos, though it may produce lid retraction. It is probable, though not yet proved, that the exophthalmos both in Graves' disease and in exophthalmic ophthalmoplegia is due to the thyrotrophic hormone of the pituitary. Both diseases should then be regarded as disturbances of the thyroid-pituitary axis with the possible intervention of the hypothalamus. It is suggested that normally there is a balanced relationship between the secretion of thyroxin by the thyroid and the production of thyrotrophic hormone by the pituitary, that in exophthalmnic goitre this mechanism is still working but set at a higher level for thyroxin production as a thermostat might still be regulating the temperature though the room was kept too hot, whereas in exophthalmic ophthalmoplegia the production of the thyrotrophic hormone is no longer under control. This may happen when existing thyroid activity is suddenly depressed either by removal of part of the gland, or by the use of antithyroid drugs, or when a primary stimulus to the pituitarythyroid axis finds an active pituitary with a relatively unresponsive thyroid.
Prognosis
In considering the effects of various methods of treatment it is necessary to take into account natural variations in the course of the disease and the inconstant response to treatment. There is an exception to every statement that can be made about exophthalmic ophthalmoplegia. In 
15
I have never seen complete recovery. Since widespread fibrosis develops in the orbital tissues in the untreated case, much less improvement can be expected in long-standing cases than in cases treated early.
Treatment
Treatment may be called for on account of the patient's complaint of (1) exophthalmos, (2) double vision, (3) the threat of danger to the cornea, or (4) to the optic nerves through papilloedema or primary optic atrophy. (5) Associated thyrotoxicosis may call for treatment, or (6) associated myxcedema, while, rarely, there is (7) associated myasthenia.
Treatment may be directed to (1) diminution of pituitary secretion. (a) Administration of thyroid extract should theoretically accomplish this, but I have been disappointed in its use. (b) The same applies to ovarian follicular hormone and testosterone. Sometimes stilboestrol seems to be of benefit and I have used it in increasing doses up to 10 mg. daily for two or three months at a time, but often it appears to do no good. (c) X-ray irradiation of the pituitary, though, again, often disappointing, in some cases seems to give more satisfactory results than any other form of treatment.
(2) Treatment of the orbital contents. X-ray irradiation of the orbit has its advocates, but it must be difficult to distinguish between this and irradiation of the pituitary. Surgical decompression of the orbit is called for when severe exophthalmos cannot be otherwise controlled, when the cornea is threatened and in the presence of papillcedema or primary optic atrophy. It usually saves the situation, though, occasionaxlly, even this method of treatment fails. (3) ACTH and cortisone. American reports on the use of these preparations have not been encouraging, but Drs. G. N. Chandler and S. J. Hartfall allow me to say that they have recently used cortisone in three cases and ACTH in one and both in a fifth with results sufficiently encouraging to justify further investigation. (4) Prostigmin. I have never seen benefit derived from this. (5) Treatment of associated thyrotoxicosis. This constitutes one of the most difficult of therapeutic problems. Occasionally severe thyrotoxicosis calls for urgent treatment, especially if it is causing auricular fibrillation. Sudden diminution of the thyrotoxicosis either by operation or by antithyroid drugs may be followed by rapid intensification in the exophthalmos. In my experience this is most likely to happen in males with thyrotoxicosis and disproportionately severe exophthalmos and pink congested conjunctive. Usually these patients have not got ophthalmoplegia. Where exophthalmic ophthalmoplegia is of six months or more duration, the risks of dealing with the thyroid seem to be less. In such cases I prefer iodine and surgery to the antithyroid drugs. (6) Treatment of associated myxoedema. It is usually safe to treat the myxoedema with the usual doses of thyroid extract, though I have had one patient who developed a 'sustained thyrotoxicosis after that treat ment. (7) Treatment of associated myasthenia. These cases are too rare for me to discuss them in detail. Zondek, H., and Ticho, A. (1951 , Lancet, ii, 1018 , report successful treatment of both the exophthalmic ophthalmoplegia and the myasthenia by X-ray irradiation of the pituitary. (8) Amelioration of end-results. Most patients are left with some persistent ophthalmoplegia. Mr. Arthur Lister (personal communication) has diminished diplopia by operations on the eye muscles, his work suggesting that failure of the opposing muscles to relax may be-an important factor in limiting movement. If the staring appearance of the eye distresses the patient, lid retraction may be diminished by cervical sympathectomy.
Mr. T. Keith Lyle: The chief ocular complications of endocrine exophthalmos which require special consideration and treatment are three in number and appear to be due to increased orbital tension: (1) Corneal ulceration due to defective eyelid closure resulting from severe exophthalmos.
(2) Defective vision due to circulatory disturbances involving the optic nerve. (3) Diplopia due to ocular muscle palsies caused by cellular and cedematous infiltration of the ocular muscles, with subsequent fibrosis.
A minor complication of rare occurrence and one of no serious significance consists of an alteration in refraction (especially in corneal astigmatism).
(1) Defective Eyelid Closure This may result in chemosis and drying of the exposed conjunctiva and of the cornea with subsequent ulceration. The latter may be accompanied by hypopyon and iritis and may lead to panophthalmitis with or without perforation of the ulcer and loss of the eyeball. These complications should in most cases be prevented by adequate tarsorrhaphy performed in the early stages, and also, when necessary, by early orbital decompression. Unfortunately such measures are too often postponed until too late. An alternative method of dealing with increased orbital tension is by means of deep X-ray therapy applied to the orbits and to the pituitary gland (Paufique).
(2) Defective Vision Due to Circulatory Disturbances of the Optic Nerve Caused by Increased Orbital Tension (a) There may be wedema of the optic disc (choked disc) due presum4bly to interference with the venous return from the eyeball via the central retinal vein. In this condition the visual defect may be slight, on the other hand it may be considerable if the pressure has acted sufficiently long and has been of such severity as to cause atrophy of some of the optic nerve fibres. The following case illustrates this:
A (bD) Gross bilateral optic-disc cedema of the chronic type with some greyness of the discs. Vision uncorrected 1/60 each eye. August 14 and 24, 1951: Lateral decompression of right and left orbits respectively by Mr. Harvey Jackson, who found the orbital fascia on both sides to be tense and the contents of both orbits firm and swollen.
A portion of the left lateral rectus was taken for pathological examination. It showed "extensive replacement of muscle fibres by connective tissue. Some enlarged muscle fibres with large hyperchromatic nuclei and cytoplasm staining less deeply than normally. Small round cell, plasma cell, and occasional polymorphonuclear cell infiltration around nerve fibres and blood vessels".
The degree of swelling of the optic disc has so far remained unchanged, although the ocular movement has improved and the proptosis has decreased. When last examined December 1, 1951, his vision was:
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Maddox Rod test at 6 metres, Eso. 5', R/L 3'. Visual fields showed enlargement of the blind spots with a scotoma in the centrocTecal area each side. Another case of exophthalmic ophthalmoplegia with optic disc cedema was a woman aged 46 whose exophthalmos greatly increased one month after subtotal thyroidectomy for thyrotoxicosis. Three months later she complained of defective vision. Her corrected vision was 6/12 and J2 in the right eye and 6/24 and J2 in the left eye. She had bilateral optic disc cedema with about 2 dioptres of swelling with several small hemorrhages at the disc edge. The swelling of the disc has subsided slightly but her vision is unchanged. Orbital decompression was not carried out in this case.
(b) There may be ischa?mia of the optic nerve involving the central vessels at the nerve head, or involving the smaller vessels supplying the optic nerve further back in the orbit.
I have seen 2 cases of this apparent etiology. The first was a man aged 55 who had a subtotal thyroidectomy for thyrotoxicosis in 1947, followed by increasing exophthalmos necessitating orbital decompression in 1948. He complained that his sight was defective. V.A. was 6/9. There was pathological pallor of both optic discs.
The second was a woman, aged 40, who had had a subtotal thyroidectomy for thyrotoxicosis in 1948 followed by increasing exophthalmos necessitating orbital decompression. In spite of energetic treatment the left eye was subsequently lost, due to panophthalmitis, resulting from corneal ulceration. The right eye showed pathological pallor of the optic disc with vision of 6/12. There was a small paracentral scotonia with constriction of the temporal field.
(3) Diplopia Due to Ocular Muscle Palsies
The ocular muscles appear to be affected by cedema, round-celled infiltration, degeneration and fragmentation of muscle fibres with much swelling, and later with interstitial fibrosis. In some cases the changes appear to affect all the muscles to a more-or-less equal extent, with the result that there is merely a slight interference with the full range of ocular movements, but no obvious symptoms. In other cases the onus of the palsy appears to fall mainly upon one muscle of one eye only or upon one muscle of both eyes, usually to an unequal extent with resulting diplopia. In these cases the muscle most often affected is the superior rectus.
In some cases there is a gross and widespread defect of ocular movement, which appears to be mainly owing to a fibrotic condition of several of the muscles. In the most severe cases the eyes become almost fixed in a deviated position, due largely to fibrous changes in all the extrinsic ocular muscles.
Thus, cases of ocular muscle palsy due to endocrine exophthalmos may be divided into three types: (1) Those in which there is a defect of ocular movement, but a defect which is symmetrical and equal and which therefore does not give rise to diplopia. (2) Those in which the onus of the palsy appears to fall mainly on one muscle-usually the superior rectus-with proptosis of moderate degree.
(3) Those in which there is a gross defect of ocular movement in almost every direction, with marked proptosis. In some cases in this third group the eyes become almost fixed in a convergent and sursumvergent position, having the appearance of "strabismus fixus".
In the majority of these cases in which diplopia exists it can be overcome by appropriate ocular muscle surgery, which, however, should not be undertaken until the patient's general condition is satisfactorily stabilized.
It is well recognized that the disease appears eventually to be a self-limiting one, as exemplified by the following case:
In 1936, E. W., aged 37, developed vertical diplopia a few days after a subtotal thyroidectomy for thyrotoxicosis, with marked proptosis. When examined one month later he had paresis of the right superior rectus with 17" of right hypotropia (Maddox Rod test at 6 metres). Thirteen years later his right hypotropia was precisely the same, i.e. 17", and the defective movement of the right eye was as before. He had had-no treatment in the intervening period with the exception of prismatic spectacle lenses to correct two-thirds of the deviation, which overcame the diplopia. The spectacles had not been altered for thirteen years.
TREATMENT
In contra-distinction to cases of ocular muscle palsy due to a lesion of the nerve supplying the muscle, these cases do not show the typical overaction of the contralateral synergist. Thus, in a case of superior rectus palsy it is of little value to myectomize the contralateral inferior oblique. In cases of modeiate severity a resection of the affected muscle may suffice, but in those of greater severity a recession of the direct antagonist is indicated also. Although from the clinical point of view it may appear obvious that there is, say, defective dextro-elevation of the right eye, it may not be correct to draw the conclusion that there is a primary paresis of this muscle; it is quite possible that the paresis is secondary to a state of contracture of the right inferior rectus. In some cases evidence of this can be demonstrated by means of examination with the Hess Screen.
The (a) Section of the superior rectus muscle shows fibres of a uniform size, though some are a little swollen. Many fibres show patchy degenerative changes with loss of transverse striation, and vacuolation. There is some multiplication of the sarcolemmal nuclei. There is no fibrosis or cellular infiltration. Section of Tenon's capsule and orbital fat shows fibrous and adipose tissue. There are no pathological changes, apart from congestion and hemorrhage which are presumably of operative origin.
(b) Section of the inferior rectus muscle shows fibrous tissue only. Case II.-Mr. C. B., aged 39. He had had a left orbital decompression previously. There was no antecedent history of thyroid disease. Ocular symptoms dated from 1943 and consisted of proptosis and diplopia. He had paresis of elevation of his right eye and of depression of his left eye with a left sursumvergent squint of 36A.
Operation was carried out in two stages. First a recession of the left superior rectus, and second a marginal myotomy of the right inferior rectus. Fig. 3 shows the pre-and post-operative Hess Charts.
Case III.-Mr. H. S., aged 50, was a more complicated problem in that he had practically no ocular movement, and his eyes were fixed in a position of elevation, necessitating the adoption of a compensatory head position consisting of extreme depression of the chin, in order to see where he was going. He had been on thiouracil treatment for thyrotoxicosis in 1948 and subsequently developed proptosis and diplopia. The problem here was largely a matter of how to provide him with a pair of eyes whose visual axes were parallel and directed straight ahead. This was achieved by means of a recession of both superlor recti and a resection of both inferior recti.
Acknowledgments.-I am indebted to my colleagues, Dr. S. P. Meadows and Mr. Frank W. Law, for permission to refer to their cases.
Dr. K. Aterman (Birmingham) said that a short statement of some of his preliminary findings on the experimental production of exophthalmos had appeared in Brit. med. J., 1951, ii, 609. He had found that whereas a moderate degree of protrusion of the eyeballs could be produced by thyrotrophin alone, exophthalmos appeared to develop more rapidly and to become more marked in cortisone-treated guinea-pigs. The literature on the subject showed that several cases of exophthalmos had developed rapidly after infection or trauma. A case had been shown in the Section of Ptdiatrics of a child whose * exophthalmos had become worse after tonsillitis (Weller, S. D. V., Proc. R. Soc. Med., 1951, 44, 733) .
As to the use of ACTH in the treatment of exophthalmos Dr. Aterman quoted the case of Zondek, H., and Ticho, A. (1951 ( , Lancet, ii, 1018 , where the proptosis appeared to get worse after ACTH, but improved after irradiation of the pituitary. Woods, A. C. (1951, Amer. J. Ophthal., 34,945), concluded that, so far, there was no evidence of an effect ofcortisone on exophthalmos, although the chemosis and inflammation responded well. It seemed to Dr. Aterman that one had to distinguish between these two aspects. As far as exophthalmos in primary myxoedema was concerned these cases were extremely important since they could help to throw some light on the part played by thyrotrophin and/or cortisone in the production of exophthalmos. He would be grateful if members of the audience could kindly let him have details of such cases.
Mr. J. H. Mulvany: Although the conception of hyperthyroidism as a single unit depending upon thyrotrophic activity finds favour with many, there would nevertheless appear to be grounds for splitting the hyperthyroid complex into at least three groups.
The first and largest comprises thyrotoxicosis (Graves' disease). Its causation,is unknown but would seem to be independent of thyrotrophic activity. Autopsy in persons dying from typical Graves' disease discloses usually a small pituitary, the cells of which are also small and filled with granules, while there is increased intercellular spacing suggestive of subactivity. Other indications of pituitary hypofunction are seen in the wasting of the adrenal cortex, degeneration of the islets of Langerhans and the relative inactivity of the gonads. No excess of thyrotrophic hormone is detectable in the serum, even in the most toxic states, a circumstance rather naively explained by the hypophyseal protagonists as being due to its immediate utilization by the thyroid gland. The failure to detect a pronounced rise after thyroidectomy is not explained at all. In short, there is no real evidence at present to implicate the pituitary gland in the causation or maintenance of thyrotoxicosis.
On the other hand, the second and smaller hyperthyroid group is thyrotrophic in origin. Occurring physiologically in pregnancy, as a transient menstrual phase, and in certain puberty goitres, and pathologically in acromegaly, the hyperthyroid symptomatology differs from the thyrotoxic mainly in its relative mildness, in the slight degree of associated sympatheticotonia, in the tendency to spontaneous remission and in the constant presence of detectable quantities of thyrotrophic hormone. Thyrotrophism, i.e. the state of increased thyrotrophin in the circulation, is also seen without hyperthyroidism in the thyrogenous type of myxcedema as opposed to that form of thyroid deficiency resulting primarily from pituitary failure.
Lastly, there is the very small and rare group of hyperthyroidism due to local thyroid disease, usually neoplasia, which may be termed thyropathic. All types ofendocrine neoplasia maygive rise to increased or perverted hormonal secretion. Common examples are seen in the tumours of the adrenal medulla and cortex, of the gonads and in the insulin-secreting pancreatic adenomata. In some instances of thyropathic hyperthyroidism, the basal metabolism may remain elevated, after thyroidectomy, by the secondary deposits.
Of these various forms of hyperthyroidism, two only are associated with exophthalmos, namely, thyrotoxicosis proper and one variety of thyrotrophic hyperthyroidism which may suitably be termed exophthalmic thyrotrophism, indicating thereby not only the pathogenesis of the disease but also its point of difference from the other members of the thyrotrophic group. The proptosis of the first group is essentially thyrotoxic, that is to say, it arises from the combined effects of hyperthyroidism and sympatheticotonia, the two essential components of the disease. On the other hand, thyrotrophic exophthalmos is completely unrelated to any hyperthyroidism with which it may be associated, its origin depending upon a local interaction of the thyrotrophic hormone and one other factor which may be a steroid compound, as suggested by the speaker some twelve years ago (Mulvany, 1944) . The operation of an additional factor is evident from the fact that proptosis does not develop in the other forms of thyrotrophism. In thyrotoxicosis, the most important factor in the development of exophthalmos is the progressive loss of tone and strength in the voluntary eye muscles whereby the power which retains the globe within the orbit is reduced. The weakness is due partly to local neuromuscular degeneration and partly to thyrotoxic myasthenia, the latter feature being a constant accompaniment of thyrotoxicosis. It is the uneven development of this muscle weakness which may lead to irregular eye movement and sometimes to a palsy,.the designation ofwhich should be thyrotoxic ophthalmoplegia. In such instances, the myasthenic characteristic of improvement after rest or following Prostigmin administration may be observed and benefit follows thyroidectomy.
Of importance also in the development of thyrotoxic proptosis is spasm of the unstriped musculature of the front half of the orbit resulting from sympatheticotonia. 'This muscle stretches in the form of a circle from the region of the periorbital septum anteriorly to the equator of the globe where it is attached to the tendinous insertions of the recti muscles. It is thus in a position to exert a forward pull on the globe and, in the presence of the weakened eye muscles, gradually draws the organ forward through the widened palpebral fissure. Rundle and Pochin (1944) have demonstrated the presence of an increased quantity of intra-orbital fat and have suggested that this may be the cause of the proptosis. A good part of this fat is derived from the fatty degeneration and infiltration of the muscles which are not, in this form of exophthalmos, noticeably increased in size. At the same time, the proptosis is not accompanied by signs of increased retrobulbar pressure. Nevertheless, the effect, if significant, would tend to reinforce the forward pull of the unstriped muscle. Weakness of voluntary musculature is still essential.
Treatment of this form of proptosis must depend primarily upon control of the excessive thyroid secretion. Ulceration resulting from lagophthalmos is rare to-day but responds well to tarsorrhaphy in view of the general absence of marked lid tension. Persistent marked exophthalmos after thyroidectomy may be modified by apposition of the lids at the outer canthus.
Thyrotrophic exophthalmos on the other hand presents a different problem. The mechanism is formed by the progressive enlargement of the intra-orbital muscles and treatment must be directed to the control or accommodation of this expansion. -Many cases respond to indirect thyrotrophic control by means of thyroid/iodine administration, the earlier ones with less fibrotic changes in the eye muscles being more likely to respond.
Medical treatment must be prolonged and constant, how much so may be estimated from observation of this form of therapy in other endocrinal fields. For the past five years now the speaker has employed various combinations of thyroid, iodine and di-iodotyrosine as a means of testrogenic control, and some half-dozen gynaecological and obstetrical states have been found to respond. For instance, 85 % of cases of uterine bleeding without apparent local disease can be cured by this treatment. It was observed, however, that only 34 % improved after four months and some cases required up to one year's treatment. Similarly in thyrotrophic exophthalmos the output of thyrotrophin can be lessened only slowly by this indirect form of therapy, and in the more acute type of case it may not be wise to rely upon it. Unless urgent, however, this type of treatment should receive a trial. Pituitary irradiation has proved successful as'Mr. F. Juler's case amply demonstrates. The danger of hormonal side-effects, however, must be borne in mind. The use of testosterone is inadvisable in view of the likelihood of the steroids being concerned in the causative mechanism.
Mr. Kenneth C. Wybar (Glasgow) said that he had been interested in Dr. Aterman's finding tha cortisone increased the degree of experimental thyrotrophic exophthalmos. Jefferies (1949) had triehi to produce exophthalmos with ACTH but without result. Similarly Smelser and Ozanics (1951) had, obtained a negative result with ACTH and cortisone. All these workers used guinea-pigs.
On theoretical grounds one might expect cortisone to reduce the degree of developing thyrotrophic exophthalmos by decreasing the volume of new tissue within the orbit.
In some recent work he had been doing on the effect of cortisone on corneal vascularization, ht. had found an entirely different result in the guinea-pig as compared with the rabbit. It is known that there is a definite species difference in the response of animals to cortisone. Cortisone may have, therefore, a different influence on thyrotrophic exophthalmos in animals other than the guinea-pig.
Mr. E. F. King said that temporary tarsorrhaphy was a most important measure in some cases. To secure adequate covering of the eye a generous external canthotomy should be done and the outer third of both lids freely mobilized by dividing their attachments to the orbital margins. A mattress suture would keep the lid margins in apposition for some days, after which it could be reinserted. In this way it was possible to keep the cornea covered by the lids for several weeks, often with the utmost benefit to its nutrition.
Mr. Anthony Hollingsworth said that it was possible to do a very simple decompression of the orbit by making an incision as one did for an inferior oblique myomectomy. A slight decompression of the orbit was obtained in that way. A case he had recently dealt with by that means had shown a slight improvement. Only two or three stitches in the skin were needed.
Mr. Frank W. Law endorsed what the last speaker had said with regard to transconjunctival decompression. In his own experience it was extremely effective. Apart from this, he had nothing to add with regard to orbital decompression for reducing the contents of the orbit, but he was seriously worried as to the effect of orbital decompression in cases of swelling of the optic nerve-head. He was unable to explain how the orbital contents under pressure could produce papilloedema, and was troubled by the almost constant depression of vision which accompanied it. Such cases were rare, but they were most important. Did others share his view that, for swollen optic nerve-head, decompression was of no use? Certainly he had been most disappointed by his own experience.
Mr. Harold Ridley said that limited elevation was almost invariably the main defect of ocular movement. He thought that this was due not primarily to weakness of the superior rectus but to contracture of the inferior rectus. In the active phase muscle biopsy had revealed the presence of masses of lymphocytes while in the chronic phase fibrosis occurred. At operation he had found the inferior rectus shrunken and extensively adherent to the sclera. These findings suggested that exophthalmic ophthalmoplegia might be caused by an inflammatory condition affecting mainly structures in the lower part of the orbit rather than a palsy of elevating muscles. Conjunctival cedema which was also a constant feature in severe cases in the active phase might also be due in part to local inflammatory processes.
Mr. T. Keith Lyle, speaking on decompression of the orbit in order to improve vision, said he entirely agreed with Mr. Law; he, too, had seen no improvement in vision as a result of decompression of the orbit.
In reply to Mr. Harold Ridley it was impossible to say definitely whether the apparent paresis of the supzrior rectus was a primary condition or whether it was secondary to fibrosis of the antagonistic inferior rectus. It is possible that one or other factor only may be present, or in some cases both factors. On one occasion he merely did a resection of the defective superior rectus and obtained a satisfactory result; had there been any degree of fibrosis of the ipsolateral inferior rectus it is unlikely that such a result would have been obtained.
Mr. Frank Juler showed a case which had been a severe example of endocrine exophthalmos but which had responded well after irradiation of the pituitary area. At the age of 59 the patient, a male, developed thyrotoxic symptoms after influenza. As these did not respond to thiouracil and the usual remedies, partial thyroidectomy was performed five months later in June 1948, with relief of his toxic symptoms. No eye trouble was evident at the-time, but in October ophthalmoplegia and orbital fullness were detected, with an exophthalmos reading (von Hertel) of 16. Early in March 1949 severe cdngestion with gross bilateral chemosis (exophthalmos reading 25) occurred and glaucoma was present (Fig. 1) .
Local treatment.-The retraction of the upper lids was not so tense as in some cases, and it was possible to keep the cornew nearly covered. The eyes were protected with a vaseline dressing, were lubricated with liquid paraffin, and kept clean with simple irrigation, penicillin and proflavine drops.
Eserine drops were used for the glaucoma. The cornex did not become ulcerated.
